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Abstract 
The present work collects a review and analysis of the cooling systems based on cold compressed air along with the main works 
about the application of such type of systems in machining processes. From the analysis of such works, it is possible to conclude 
that the cold compressed air system is a real environmentally friendly alternative to the traditional lubrication/cooling systems 
since it can: reduce the friction and the temperature in the cutting zone, improve the surface finish of the pieces, reduce the 
cutting forces, increase the tool life, facilitate the chip breaking and its evacuation, and reduce production costs. Among cold 
compressed air systems, it is possible to remark those that use a vortex tube due to its numerous advantages and good results. 
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1. Introduction 
The friction and the temperature reached during the machining processes have been traditionally reduced by 
means of cutting fluids [1]. In addition, they have other advantages as, for example: to remove the chips from the 
tool rake, to limit chemical diffusion, to reduce the tool wear and to protect the surface of the machined pieces from 
corrosion. 
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However, the use of cutting fluids involves some drawbacks such as their high costs, the risk to worker’s health 
and environmental concerns. These drawbacks make necessary to develop and to apply new lubrication/cooling 
systems as an alternative to the traditional methods. 
Among these new lubrication/cooling systems (Figure 1), it is possible to name: dry machining, minimum 
quantity lubrication, cryogenic refrigeration, solid lubricants and gaseous refrigeration [2]. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Main lubrication/cooling systems as alternative to the traditional methods [2]. 
 
In this work, the gaseous refrigeration systems are analysed. Namely, the cooling systems based on cold 
compressed air. The main reason to do it is the next one. Although these systems are not commonly used in 
manufacturing industry, commercial cold compressed air systems exist and they have become into a new and 
effective technique that allows: to reduce friction and heat in the cutting zone, to reduce the flank wear at high 
cutting speeds, to reduce the surface roughness and to increase the tool life during turning, milling and drilling 
processes carried out on hard-to-machining materials, as well as, to break the chip [3]. 
The present work collects a comparative review and analysis of the cooling system based on cold compressed air 
along with the main works about the application of such type of systems in machining processes [3-6]. 
2. Cooling systems based on cold compressed air 
The cooling systems based on cold compressed air are included into the gaseous refrigerant group (Figure 1) and 
represent an alternative to the lubrication/cooling conventional systems. The main gases used in these systems are: 
air, water vapor, carbon dioxide, oxygen and nitrogen. Among them, the reduced cost and the low environmental 
impact that air and water vapor possess in relation to the others, make them particularly suitable to be used [4][7,8]. 
However, in assessing the penetration capability of the used gas in the area of contact between the tool and the 
workpiece, organic compounds, as ethanol or tetrachloromethane, have demonstrated to be very effective as well 
[9]. 
The properties of gaseous refrigerants as coolants, lubricants and chip eliminators are lower than those given by 
the oils and emulsions, considering that provide low cooling capacity and chip removal, and no lubricating ability 
[8-10]. To improve the cooling properties of gases can use different strategies, such as: compression, cooling or 
liquefaction [11]. 
Focusing attention on the use of air as a coolant, it can be found the next two alternatives: compressed air system 
and cold compressed air system. The compressed air system consists on using a compressor to compress the air that 
is dried and supplied through a nozzle in the cutting zone like it is shown in Figure 2 [5]. 
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Fig. 2. Compressed air system. 
 
In cold compressed air systems, the air, once compressed, is cooled to decrease the temperature and to increase, 
in this way, its cooling capacity (Figure 3). This can be done by various means such as using liquid nitrogen, the 
vapor-compression refrigeration, the cooling by adiabatic expansion or cooling the air by a vortex tube. This 
technique achieves temperatures in the cutting zone much lower than those obtained by dry machining. This makes 
that: cutting forces, particularly the force along the feed, are, also, significantly lower; the chips and their 
thicknesses are smaller; and the tool life increases, due to the less wear that is produced on it [3][5,6]. 
 
 
 
 
 
 
 
 
 
 
                   
Fig. 3. Cold compressed air system. 
 
Among cold compressed air systems, it is possible to remark the cooling of the air by means of a vortex tube. The 
vortex tube (Figure 4), also known as the Ranque-Hilsch vortex tube, is a mechanical device used in the industry for 
generating streams of hot and cold gas from a single source of compressed gas. This device is very efficient in the 
separation of air streams at different temperatures and it has been the focus of investigations since its development; 
specially, in the field of the machining processes [11-14]. Besides, the purchasing of a vortex tube system is around 
500 €-1000 €; which means is very affordable for small-medium manufacturing companies. 
 
 
 
 
 
 
 
 
 
                 
Fig. 4. Vortex tube scheme [13] 
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The specific heat of the air is about a quarter part of the specific heat of water. So, the heat capacity of air is 
smaller than the heat capacity of water and, for this reason, water is able to absorb more heat in comparison with air. 
However, the air is shown as an efficient fluid for cooling at high working pressures because at these working 
conditions, its convection coefficient greatly increases. Due to this, the application of this device in machining 
processes as an alternative cooling system to the traditional flood systems is being investigated in the last years. 
These researches have provided, among other more specific conclusions, that the cooling system with cold 
compressed air significantly reduces the heat generated in the cutting zone when it is compared with a dry cutting 
process and slightly less when it is compared with the cooling by flood [4]; is able to extend the life of the cutting 
tool; and has a high environmental efficiency [11]. 
3. Experimental researches 
Next, some of the major works found in the literature on machining processes that use cold compressed air are 
going to be described. They have been grouped by type of material used in the tests. 
3.1. Stainless Steel 
Su and his team conducted a comparative study of three cooling systems (dry machining, minimum quantity of 
lubricant and cold compressed air) in a process of high speed milling using stainless steel. They obtained, as main 
conclusion, that the cooling system cold compressed air was able to extend the tool life up 130% versus the dry 
machining and it was slightly better versus the system of minimum quantity lubricant (MQL). In addition, the cold 
compressed air considerably favors obtaining good surface roughness values [6]. 
3.2. Nickel-base alloys 
Su and his collaborators, in a similar study to the described previously but using Inconel 718, concluded that cold 
compressed air system has a high cooling speed, a high answer speed and an excellent capacity of controlling 
temperature. Besides, tool life significantly improved versus dry machining or the MQL system. In particular, versus 
the dry machining until a 78% [6]. 
3.3. Cast iron 
Sarma and his collaborators compared the results obtained turning cast iron workpieces under dry conditions and 
using cold compressed air. They observed that with this system, advantages were no found working at low cutting 
speeds (100 m/min) but, at high cutting speeds (exceeding 400 m/min) the tool wear was significantly reduced and 
the surface finish improved. In addition, the cutting forces were lower in all cases. Therefore, compressed air system 
without cooling seems to be a good alternative for machining high-speed, at least, for turning cast iron [5]. 
3.4. Aluminium alloy 
Liu and his team made tests with workpieces made up of aluminium alloys and they observed that the cold 
compressed air system reduces until a 7% the temperature in the cutting zone compared to dry machining. In 
addition, cooling efficiency decreases with increasing cutting speed and feed, and increases with the airflow in the 
vortex tube. On the other hand, the tool life increases more when temperature diminishes than when the airflow 
increases. For this type of materials, the most effective cutting conditions seem to be a high cutting speed and a low 
feed [13]. 
3.5. Titanium alloy 
Titanium alloys have low machinability, mainly, due to: a) their poor thermal properties hindering the dissipation 
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of heat generated in the machining process and turn into high temperatures in the cutting zone that accelerate the 
tool wear; b) an effective contact area, between the chip and the tool, very small makes mechanical loads are 
concentrated there and the tool life decreases; c) a low modulus of elasticity which results in a damaging vibration to 
the workpiece and the tool; d) high chemical reactivity at elevated temperatures with most materials used to 
manufacture cutting tools which causes a premature tool wear by diffusion; and e) the formation of the segmented 
chip that produces thermo-mechanical cyclic stresses that cause rapid deterioration of the tool. 
For these reasons, in recent years, titanium has been the subject of multiple studies about tool materials [15-20], 
temperature distribution [21,22] and cooling systems [3]. 
Sun and his team used a flow of cryogenic cold compressed air system. They observed that with that system is 
possible: to reduce chip thickness; to change from regulate segmented chip to irregular segmented chip; to diminish 
tool wear; to reduce friction between tool and chip; to increase tool life; and to improve surface roughness [3]. 
4. Conclusions 
The present paper shows the cold compressed air system as an alternative to the traditionally lubrication/cooling 
systems used in machining processes. Some of the most remarkable experimental works have been shown as 
examples of application. From the analysis of such works, it is possible to conclude that the cold compressed air 
system: 
x Reduces the friction and the temperature in the cutting zone and, with this, improves the surface finish of the 
pieces and increases the productivity (because the number of parts that pass quality control is major). 
x Reduces the cutting forces. 
x Increases the tool life since the wear on the nose tool diminishes. 
x Facilitates the chip breaking and its evacuation. 
x Reduces production costs because air is easy to obtain and use. In addition, with this system, the        
decontamination of the cutting fluids is not necessary. 
Among cold compressed air systems, it is possible to remark those that use a vortex tube due to they have, in 
addition to the advantages shown before, the following ones. They have an instant answer of cooling and a low cost. 
They are easy to install, do not need maintenance or electricity. Besides, they are systems more ecological, safer for 
the operators and provide better results in front of conventional cooling systems. 
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